Direct detection of saponins in medicinal plants using Fourier Transform Infrared (FTIR) spectroscopy is reported in this paper. Crude dry plant powders were mixed with potassium bromide (KBr) powder and compressed to a thin pellet for infrared examination. FTIR spectra of the test samples showed -OH, -C=O, C-H, and C=C absorptions characteristic of oleanane triterpenoid saponins. The C-O-C absorptions indicated glycoside linkages to the sapogenins. Phytochemical analysis confirmed the presence of saponins in the tested specimens. Entada leptostachya was used as a reference sample. Dry plant powder was extracted sequentially with hexane, dichloromethane, ethyl acetate and methanol. FTIR spectra of the reference sample powder and its organic solvent extracts showed characteristic saponin absorption peaks. These results indicated that direct detection of saponins in medicinal plants was possible by infrared analysis. Lengthy exhaustive chemical analyses necessary for detection of saponins could be avoided.
Introduction
Saponins are glycosides of triterpenes, steroids, and sometimes alkaloids, which occur primarily, but not exclusively in plants. The saponins can therefore be classified as steroidal, triterpenoidal or alkaloidal depending on the nature of the aglycone. The aglycone part of a saponin referred to as a sapogenin, while the glycone parts of the saponins are generally oligosaccharides. Oligosaccharides may be linked to the sapogenin through an ether or ester linkage at one or two glycosylation sites, giving the corresponding monodesmosidic or bidesmosidic saponins, respectively. Attachment of the glycone to three sites (tridesmosidic) in a sapogenin is rare (Natori et al., 1981) . Many saponins are present in higher plants in the form of glycosides of complex alicyclic compounds and show characteristic foaming properties in aqueous solution. Many plants contain little or no saponin; in others, the triterpenoid saponins predominate. The triterpenes are subdivided into 20 groups, depending on their particular structures. The base structure found in the largest variety of medicinal plants is the oleanane-type triterpene ( Figure  1 ). In fact isolated oleanolic acid, the basic oleanane triterpene, is a substance of therapeutic interest found in the Chinese herbal plant Panax japonicum (Liu, 1995) .
Investigation of 1730 species of 104 families of plants growing in the Central Asia found that tritepenoid saponins were present in 627 species, and steroidal saponins in 127 species ( Marles et al., 1996) . These methods involve extraction of plant matrix with aqueous or organic solvents prior to analyses. However, saponins in medicinal plants could be detected by the highly specific infrared absorption spectra of their sapogenins. This procedure involves mixing a small amount of plant powder with potassium bromide salt, compressing the mixture to a pellet with subsequent recording of infrared spectrum using Fourier Transform Infrared (FTIR) spectrometer. Consequently, the detection for these valuable saponins in medicinal plants could be done in a short time. Furthermore, saponin-containing herbal drugs such as Ginseng could easily be identified and standardized using saponin as a marker phytochemical by recording FTIR spectra of the herbal powders. The latter can be accomplished without resulting to expensive and time consuming chemical methods. In this study FTIR, spectroscopy was used to identify saponins in medicinal plants used by herbalists from Embu and Mbeere districts of Eastern province, Kenya. Phytochemical screening of saponins in the selected medicinal plants validated the FTIR technique.
Materials and methods

Collection and identification of plant specimens
The plant specimens were collected from Embu and Mbeere districts of Eastern Province, Kenya. A plant taxonomist from the East African Herbarium identified all the eleven plants. The voucher specimens were deposited in the Botany department laboratory of Jomo Kenyatta University of Agriculture and Technology. Authentic samples were air-dried under the shade and ground into a fine powder, and stored in airtight plastic containers.
Phytochemical screening
Saponin tests were carried out on the aqueous extracts using standard procedures of plant constituents' identification as described by Sofowora et al., (1978) , Edeoga et al., (2005) and Horbone (1973) . Three grams of each dry plant powder were weighed and extracted with 300 ml of hot distilled water in a beaker. After filtration, the aqueous extracts were cooled and stored in a refrigerator at 4 • C until needed for the tests.
Five milliliters of each plant extract was placed into a test tube and diluted with 5 ml of distilled water. The mixture was shaken vigorously for two minutes. Persistent appearance of foam lasting for at least fifteen minutes or the forming of an emulsion when olive oil was added confirmed the presence of saponins.
Infrared Spectra
A little powder of plant specimen was mixed with KBr salt, using a mortar and pestle, and compressed into a thin pellet. Infrared spectra were recorded as KBr pellets on a Schimadzu FTIR Spectrometer 8000 series, between 4000 -500 cm -1 . Infrared absorptions were recorded in Tables 3 and 4 . Table 2 shows the phytochemical test results for saponins in the plants under investigation. Some of these plants were purported to have anthelmintic activity (Kareru et al., 2007) . 3368  3383  2926  2924  2921  2927  2924  1633  2854  2850  2855  1701  1457  1736  1732  1719  1560  1561  1655  1638  1608  1542  1542  1542  1606  1509  1455  1511  1462  1462  1460  1243  1035  1422  1379  1043  1048  1378  1262  1168 1094 1097 * Weak absorbance ** No C=O peak observed .
Results
Discussion
Phytochemical analyses of selected medicinal plants gave positive results for saponins. These results were confirmed by infrared absorptions recorded. Saponins showed characteristic infrared absorbance (Table 3 ) of the hydroxyl group (-OH) ranging from 3429 cm -1 (Vitex doniana) to 3316 cm -1 (Rapanea rhododendroides); C-H ranging from 2922 cm -1 (Rapanea rhododendroides) to 2929 cm -1 (Terminalia brownii); C = C absorbance ranging from 1619 cm -1 (Rapanea rhododendroides) to 1651 cm -1 (Maytenus senegalensis); C=O ranging from 1740 cm -1 (Prunus africana) to 1736 cm -1 (Senna singueana). Oligosaccharide linkage absorptions to sapogenins, that is C-O-C, were evident between 1034 cm -1 (Entada leptostachya) to 1072 cm -1 (Maytenus senegalensis and Senna didymobotrya).
The Prunus africana, were likely to be bidesmosidic, oleanane-type triterpenoids, while those detected in Entada leptostachya and Rapanea rhododendroides might be monodesmosidic saponins since ester linkages were not detected by FTIR. However, these observations need clarification using nuclear magnetic and mass spectroscopy. The FTIR spectra of Entada leptostachya-organic solvent extracts exhibited characteristic triterpenoid saponin absorptions. Similarly, the crude powder of Entada leptostacya exhibited almost similar absorbances to those of its organic solvents (Table 4 ). This indicated that saponins were directly detectable in the crude powder of the former medicinal plant. The importance of this observation was that saponins could be detected in crude medicinal plant powders by FTIR spectroscopy, thus saving time and the need for extraction prior to analysis.
Conclusions
Direct detection of saponins in medicinal plants can be performed directly on crude sample powders using FTIR spectroscopy. The method is simple, fast, and economical.
